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aVESfl 71* #°fl 27fl^ ^*Hr 7flAl£) 

<H 5ft^. 7l*O.S. <g 7>^§>J1, #7l 71 *o] ufl # 7 j 7l*^ ^1^1^ 

^ ^Eflol^o]] ^>£^1 7]^-i- n>^^. ZL^JL, #7l ^H^o] <g 

^liHl ^l*ti ^71 7l*ol ^ll^rJE-I- £^ <#7] iEflo]^! ^ >y-7l 7 ] jfl. Afo]^- *fl 17 ^ e) 
^ ^, a o V 7 ] 7^11^1- ^ 2:*H>H 4V 7 ] 7 )^. ^Vofl *fll^M: ^^^4. 

-8-71 ^llTlBl^Ei ^27^ jH -*7l «K£*11 71 *o] 2^5L# ^ 

2i&<$*\ A oM XI 1^ ^Hl Xl2^-sv* S^^rtk °H1 4^ , ^"71 «V£*ll 71* 

^-^-nVol ^^^4. ^-SlJl, ^"71 ^S^l ^1^1 TIME ^^nV g:- T^^Ei 

£ 3 
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{method of forming a multi-layer in a semiconductor device and method of forming a 
capacitor and a gate dielectric layer using the same} 
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-SMI* 

<7> ^£ ^12] ^-*nj- ^ °1« 71^13 ^ ^ 

o^n^ tg>£ aj-^cfl ^o.S^ ; tit} ^Ml^Mlfe <! 7 }^* (stage) 

<s> ^e, ^33- ^ afl^)^ iL^-ofl n^sj- tiV^^I tq^^S. 

iJ-^Kn Sit}-. ZL 71^ ^1 9X°]*), ^7} -H4-ojiL ^SRr ^Hl cfl 

413 £ ^ ^ ^H^l?!^ ^°-S- *}2i 7)^o) ^#S)ZL SI 

i}. o]o\) til£^ ^^S. ^H* ^r-S-* 7}^S.x] ^ 

4 ^ *M1 7>^- 7^ofl cJl^V Jl^7> ^I^Jl 
<9> Aj- 7 j «V^-o. T§Aj^ ^ cfl^. 711 o]E ^*Rr S)l A] 

°11 tfl* o]^^- ^-^1 6,066 ,52551 (issued to Liu, et al), °ltf^ ^ 

6, 320, 238 Jl( issued to Kizilyalli, et al) -§-<*fl 7^^}S\o] ojcf. 
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<n> a o v 7 ] jl^-^^s] 3*H, 3e*flfe ^ ^VSj-S-g- ^ ^-Sr #7l TflojE 

<3-°l ^Cf. #71 27M ol#o^ yV^-o] 

^1 cflt!" c l^§^- ^ 6, 479, 40331 (issued to Tsei , et alH 7flAls]ol oicf. 

<i2> £ i^ ^efl^ tivs^i #*1^ ^-^M- 3^ #*1» 7fl^^o^ 

<13> £ 1-g; %^\^L , #7l #*l(l)^r ^-fj^ 27fl^ «1H(11, 13) ^, 

(11)21- ^2^^(13)1- i^t}. #71 ^1^^(11)31- *fl 2^*1(13)-!- ^^^i, 

#71 ^l^al(ll)^- ^2*3*1(13) ^H^l^i^ #£31 7l#(l7)^ o]^ ^^} 7 1 

°1* i^rl-. o)o)] 45} , #71 ^# #*1(.1)# AV-g-^ #71 a>£^l 7 ]& 

(17) #ofl 27fl5l wVnl-ol ^^M" ^ ^Hr ?A°]t\ . 

<14> #7l ^% #*1(D« ^1~§-^H ^-^ V * ^*Rr ^3.^ A1 2 0 3 ^4 Ti0 2 

^ -^^M" «§^H=r ^SH 91**. ^71^, #71 ^-fr ^^CLS #3^*1 

<15> n^, tiV^^l 71^ #7l ^(15)5.^1 #7] tH ( 11)5 5.^1^1}. (A 

w o >*j=) ZLElJl, #71 5^ ?V5.^1 #ofl A1 2 0 3 3^tb4. #71 A1 2 0 3 

^ 450°C^1 £rS.°lH, ^ 4002: ^ ^l^. o)9\- 7^o) f # 7 1 wV£*H 7]& 
#<*!) A1 2 0 3 ^^M: ^, #71 A1 2 0 3 ^ Vo l *V£*ll 7m* #71 *Hl*«*l 

(ll)iM^ #71 o]& ^(15)5 ^S^Al^lcl-.CB « 0 >*j=) #71 A1 2 0 3 ^"^1 3 

tiV^^l 71^-* #71 ^BKlDiM^ #71 ^12^(13)5. S.^Al^nl-.(C « 0 >^) 
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=L£\JL, ^7) A1 2 0 3 ^ ^<H1 Ti0 2 ^-8: ^t^. Ti0 2 ^ 350 "C 

^5L<HH, ^ 200^ ^°J: £0} , # 7 1 a12 q 3 ^-n^ ^-ofl Ti02 wVn^-o. 

^^tt ^, ^-71 A1 2 0 3 ^ ^ Ti0 2 «VE.*)1 7):&-g- #7] A) 

2^*1(13)5.^ >£ 7 } o]^ ^(15)5. ^IS^Al^lcf.CD 
<16> o)6\) rcJ-5}-, <#7] «V£^11 71^ ^Ml^r #7l A1 2 0 3 ^ ^ Ti0 2 ^7}^^ 

<i7> ol2f ^o], #efl^ Ji^-sj- aj- 7 ) ^-^0} 711 o]e HL^ tH 

z}-^ ^©(H ^ tLe^l oja. (vacuum break) ^^>1 <2^3 3# *H*h£.3*l 

^ ^l^ol 5*^. <^lr, ^"71 ^€ ^*HH ^^*V7l m&olcf. 

^, ^71 A1 2 0 3 ^ 400^ ^"71 Ti0 2 2j= 

200^ Ti0 2 ^-^-i: ^*Kr «»H 7} ^ 200^ ^-<£ *H 5a^7 

7i*Rr ^ ^^VTfl tfl^l}. 
<19> S *V ; ^7] A1 2 0 3 <S^£r ^ 450°C^ ^£oflAi ^A^JI, ^-7) Ti0 2 

^^-gr ^ 350°C^ ^JE^A) ^Al^Cf. O}-^, S.^^ Z>Z}-o] ^«H>H # 7 j 3^ 
W ^]^§>7ll ^^Al^^nj ^Aj-^oH ?1*1*1 SHr^. ^1&|14, #Sfl^ 

# ^-^ ^ °C ^5L2) ^5L 7}^}7] nfl^l ^ ^ajj " C 
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<20> nelJl, ^f^H^b *K£31 ol^o] ^wl^>7ll o] ^.61^71 nfl-g-ofl #7l 

#£*H Aj-6J| sJ-e^ ^ $L<* #^ol 7>^£ feoj-^lcf. 

<21> S*!:, ^^lr ifl^H ^"71 *fll^ ^ ^2«^^- $1*1*3. ^*Rr 

^"71 7>^ ^7fl» A]~g-^ S^^l -gr# ^ °C ^JE^ ^2. 

7>^*>7l nfl-g-ofl ^ iflx] ^tiJj r A] 7>-§- Jl^ 

W. 

<22> £ 2^ ^2flS] 7 >^ Jf7fl# Ol-g-^ <8^« 71 

* M-^^cf. 

<23> £ 21- , ^A]o. 7><1 «.^o] £_ £ .g. uJ-BfvfljL, ^Ajo. £}- 

^ ^£1- M-Efuflrf. ZLEl^L, I £ #71 ^IIWV^ ^Tiojzi, II ^i* ^ 

3*l?lfe ^^}JL, m-^- ^"71 ^2^* ^Aj^ ^^Vojcf. 

<24> ^7]A^ , ^-^1^0.S. #7l tiVS^l 71^:^ -£r£^ #7l 7>^ -f^} ^rS<Hl 2} 

#*bl=Rr 5J°14. *j-5^i, ^71 7><£ ^^7} ^r£t ^(T 0 S^ T 2 S)^^1 
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<25> ^5fl^ ^-^-§- nfl tiV^l 71^0] ^.g. ^ 

^JE ^ofl Al^o] ilS. ^^£r C]^- . 

<26> £ M^o} ^Oj ^ ifl^JH ^-g- f5M «h£*fl 

271] ol#<q tivnv^. ^^-^ ^-^-ir ^^}7] *o v ^ ^SRrdl 

<27> ^-E-^, iJHH ^^-i: TSsflAlE^ ^ 

^ ^ ^ ^>2|-#S 2 7fl «VnV^ ^^>^ -B-^^ ^*>7l 

<28> ^ -g-<|J ^ ^djAi ^JE 7l 3& 

<29> #7} *Hl-^3 # <iH3*}7l £ ^^r, 7l^S. 1 7>^*>J7 ( #7] 7l 

Qo) -v-c^^ nfl.Aj-71 71^ T^sr}^ elSM 5L^-*Hr iEflol^^. n^Hr c^l 

^sfl ^7l 7}&o) ^H^- ^Eflol^]^- ^-7] 7]^ A]- OH- ^17]^S 2: 

^*Rr ^T^, ^"71 ^11-grSl- £fe ^ 2:^1^1^ 7l ^Hl 7fll«H^g- ^ *H=" 

^) ^7} ^l\\o}7]9\ <g ^ofl o\*H ^7] 7]^o] ^2^r£# £^ ^7] 
Q ^7} 7}% *}o}% ^7} ^llTH^S^-Ei *\]27]£\S. 2^*Rr &7j\; ^ #7} *ll2£r.£» 
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<30> #71 ^2^3* ^*>7l iM^r, <ah£*l| 7^ #<>fl *l^-§- ^§#^Hr 

<1 ^^1 #7l 7l^-o] ^U^2.» # 7 ] ^Eflol^^- #71 ^SSfl 7l 

* AH!- *fll7i 51 3. S^Rr ^A}^, #71 ^1^£* £fe *3 #71 *}J|L 
^ #°H 711 1^ *H l^* ^*Hr ^^11 #71 iEflol^o^ eg ^ 
ofl ^]«|| #71 ti>S.^ll 7l^°l ^I2^r5.» #71 itflol^lfil- #7l l&Eafl 7^ A>ol 

* #71 7|117le|3.JfBl ^27i5l^L 3^§*Rr <M$K #7l a||2£:H* ^ 3i^M 
#71 #°fl *fl2^r #s}-** ^ 2 MVn}-^. fg#^-0_3» #7l ^ # 

°fl #7l ^11^ ^ ^12^^ 3L^Rr -B-^^ ^*Rr ^T^l; ^ #71 -B-^SV #ofl 

<31> #71 7)13-^3^ ^#^>7l £ l^^r, 1 #^1 7>^>J7, tiV£^l 7l ^ ^1 

BlSS iii-g- £i=. iEflol^!- n>^*H #7] ^ he jgofl #71 tij-E^l 7m* 71 
7lAl7l^r ^l^, #71 iBflol^o] <g o^H #71 tiVH^l 7l#ol 

^ #71 iEflol^Sil- #71 tiV£^l 71^: A>ol^- ^171 SlS. S^*Rr &7\]Q, #7l afll^rS. 

1- *3 STdoflAi #7i yvsL^l 7m #<Hl *f|l^r #^#* ^ 7111^* 

*r ^l^, #71 ^Eflol*l<2l <g ^ofl o^^fl #71 tiVE^l 7l^ol ^2^£* ^JE-^ #71 
^])o}^)9\- #71 *V-E*ll 71^ A>°1# #71 ^llTlslS^-Bl ^1271 ElS. S^Hr T&Tll I ^ 
#71 ^2^£# ^ STioflA-l #71 #ofl ^12^# #5H§-g- ^12^-^1- 

* i^*Rr ^Tim i^Vrl-. 
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<32> -g- ^r^ofl <^}ig, <g ^Eflol^^ ^-71 ^Eflol^cH] ^c^^l^ 7)&Z\- 

^ ^e] S^^r -grJES] ^-g- °H #71 -8:£^ 

3#*HrH] ^-g^o.^ A^sL ^£ STd-fr -a^Kr -^<H ^ vfl^M <& 

^1 ^#t>T €^>* W ^ o^^j- MVn}-o] ^^ol] -S. ^ ^ yj-^ o_ 

<33> 14^, ^ 2 7fl yVtq-.fi- i^fe ^tq-o. ^oj ^ xflofl 

Ai <yAl- S ^ ol7l "fl^Hl ^ ^1^1 £-g- ^A^ *r 5^. 

£t, ^^M" ^^*>7l ^tr *K£*H oj^o] fO]t7l afl-g-ofl ^ oj^ofl 14=. 

<34> ol^V, -M. igj^cq a]-^ ^.^-nv ^ a>«jofl tfl^ ^Ml§>7fl ^^§>7]S 

<35> ^7], tiVH^l 7l^ro] ^c^^l^ ^Eflojxll- u>^*l:4. °H , itfl °]*}^ 

°1, <I ^^°] 7>^*V 3^ 1-^- (heater block)^ ^ -^lHtf. ojoi] tcj-e^-, ^7} a>£ 

*H 7] #(21) ^-g- -S-71 iEflol7.](20)^ <#7] <t -f-*>^ ^-7] 

7l^;(21)ol Aj-7l ^f^j ^^-tr ^rJE* ^S^- SW^T. ZL^ZL, <#7] 

^Eflo]^(20)^ el^E #(22)^8: S^W. nj-^i , #7) 7l#(2lH #7l Zitfl 

<>M(20H1 nfl #7l «V£^1 71^(21)^: ^-71 ^(22)*H £q*fl ^l^l^cf. ^> 

#71 iEflol*K20H oj-^sl^ Sl^E 21(22)^, £ 4°fl £A]^ ^-0] , 3 7 flo] 
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<36> ojo^A^ 27fl tiVnVo. ^ 4fnV|. ^S^l ^ ^S^l 7l #7l ^ E fl 

<37> t^ofl, #7l a>5L^ 7l^o| ^l^iEl- gS.^ ^ ^£* °H . £ 5a 

ofl £A]^ H}^ ^ol, ^-71 ^]]°}x}(20)2\- ^7] «>£^ 7l^(21a) *H* ^llTH&K ^ x ) 

S^^-AS^i #7] yVi^l 7l^(21aH *Hl£r£-» SHr*}. <^7H, ^1-71 i^ojxl 
(20)^1- «V_£*fl 7l#(21a) ^ll^^C^!)^ ^-71 ElSS ^(22)^ ^ 

&tj-. ^, ^-71 ^Eflol^l(20)7> JL^ ^3HH ^7] SlSS ^(22)-§- 
S. SL3,*\ #7} +i])o] ^1(20)5} ti>£^l 7l^-(21a) ^M* a o v 7 i 7^]l^£l- g±r 

&i)S. 2^*Rr ^Mt}-. g^V, aj-71 ^Eflolx](20)^ tiVi^fl 7l^-(21a) ^H^l 
^lTj^il^ ^7} ^Bflolxl(20)^ ^^1 iH3€ ^£ ^, #7} 

^(22)ol ^"BfloflA^ #7l ^Efl 017.1(20)1- ^-^Al^ A o V 7 ] ^Z]]o)*] 

(20)^ tiV^^l 7l#(21a) #7l ^l^rS* *Hl7l ( i S^Rr ?A°]*\. 

c]*<H, i3M*l(20)^ 7l^-(21a) *fll7lel( Ii)t= ^7} ^3H*1 

(20)21- -#71 ^(22)^1 ^ ^ofl ^SflA-ls ^ ojd-. ^, ^-71 ^Eflo^l 

(20)^- ^>7l el^S ^(22) ^-^^^ ^7^ ^-71 ^tflol 71(20)^1- aV 

51*11 7l^(21a) 4°)f #7l ^l^£l- ^ *ll 17l Bl U i)S S^fe 
<38> 2l£E 330} ^ofl cfltV <^ nflt!: 1 ?]^' -^7H^-§1 2001-10865951^1 7lH£lol 

oicf. ^-^1 , ^7) ^fllf-Sl 2001-108659Sl«fl 7|tt *l7q*Rr 
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^sie ^cq ^o] 2,^0]) rcf-ef *V£^1 7]&°] ^£7> ^Sj-^ 3H1 tfl^H 7flAl^>ji oi 
nf. ^14, #7] cfl*}-^^- ^7fl^-^ 2001- 108659 J:^ l^sH cflt!: ^-§-^-5.^, 

2001-108659^ ^ofl cq^j. t^b] tflSfl^nV 7 ^]^\o] ^- ^a}^} 

°fl^i^ ^-o] ^Eflol^o^ ^ ££ir S3M*]<4 ^o] jl^. ^.^ofl ^tb Si 

7)l^r*lH, #7l ^fll^rS* 5fe ^ S?i *HH Aj- 7 1 ti>c^ 71^; Aj-ofl ^lial-^- 
* °H, ^l^^Sr ^7]-# *\%- EL±; ^ 7}^r ^ ^1 ^ 

^*V4. ^7l *fll^ ^SAi^ A1 2 0 3 , Ti0 2 , Hf0 2 , Zr0 2 , Y 2 0 3 , Ta 2 0 5 , SrTi0 3) 

BaTi0 3l BaSrTiO 3 , PbZrTi0 3 5L # ^ ^JL, ^ ^ 2°}^ ^ 

A oM ^7># ^%o]} o^tb ^11^-^ ^-cf. 

*fllSS 51 H^^l <|3-?-» ^"71 «V£*fl 71^- Aj-ofl s^^^S ^3>Al^]cf. 

^llM>Bl-ol Al2 0 3 «Vnl-<^ ^ o. ^ afl!^ # ;gcq o||^H E ^ nfl ig <y-i=L 

^(Trimethyl aluminum : TMA : Al(CH 3 ) 4 ))^r # ^ &tj-. 

7l aV£^ll 7l^o.^E^| ^TlAl^lnf. ojafl, AJ-7I *j)7H Aj-g-S] ^ 7 >S^ ^S.^^ 
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7>i» 1: ^ &Ul, #7l 7\^9\ ofls.^^- N 2 7}i Ar 7fif # 

<43> ^-g-ofl , #7l *fll^^ #ll 0 l ^Z}"^ ^rH^l 7]^r9\ ^ 

^, #?1 &5L^ #7l ^1«>^ *\}2^^ #*i-§- S^A]^ ZL^J^ <H-^# 

#7l «hE*fl 71^: #ofl ^^l^lcf. WIS, #7l ^ll^o] A1 2 0 3 ^ 

^ , #71 2112^ eflS.^ 0 3 « I" T SJcf. 

<44> Zl^ JL, #7l S3r3c*H 7l^r #ofl 5}-^^ o,^ ^ #7l ^2ii # 

7) #5L*\] 7}&SL5L^ *\}7]X\?1^. #7l aflTH A>-g-S)*r 7>i^ «fl3.*1fe f 

7fif 1- 4= &al, AV 7 ] 7>>i^ oJS^Tr N 2 7>i SE^- Ar 7>>i 

» 1- ^ sm. 

<45> ZL^JL, #71 *fl7H o^fl #71 71^- ^ofl #^r^r ^ #7l 7)^ ^ 

^S.^] *\]7]X\^ O.S>| ^7>^ ^fll^ol ^-71 tiVE*fi 71^6)1 ^^^cf. 

<46> #71 %7.\%- tiV^-^^S. ^r*S^S.Ai #71 tiV^^l 7l^r #<Hl afll 

<47> JEEth #7l ^1«>^ ^, #71 ^llHVnV^. ^ ^ § ^5. &t±. #7l 

lis *1bHH^t -n^r ^ej-s*}* A>-g-^cf. o]^ ; av 7 ) >y- 7 | 

<48> sfr 7 ] $m 7]a o V ^aVofl o]^- ^llwVnl-^ ^0.4 ^ 

<49> ^7-1, aU^-H* ^JE-Hf- 2-^^ #Eflo]H # 7 1 ^>J£5fl 71^5. #7l ^l^^r % 

W 7>i# S-^Al^Cf. ZLElJl, #71 tiV-g- 7}if #51-^1- #EflS ^# 
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$t A o V 7l #EflSl al-g- 7fif #7l tiVi^l 7l^ofl tiV-S-Aj^Cf. Ojofl IC]-^, 

#7l tiV^^ll 71^12]-^ tiV-g-^ -g-T5}c*| #7l 71^- #ofl ^jll^ol ^#^t}. ^nfl, 

#7l ^UwV^l-o] A l 2 0 3 ^-f , #71 tiV-g- 7>i^ oflS.*1Sr E^nfl^o^D]-^ ^ 

<50> O]^ £0], # 7 1 <£t>}# ^ Sj-^- 7l# ^-i; #71 «V£*I1 7 ] # 

#ofl ^U^# ^#^" *r 9Xt\-. #71 ^llw^Vo| ^ofl ^£ S^l^ #71 

^l]]x]o]S>\- #71 HVi^l 71^: A>ol^ 7^ ^.^ofl o]*fl ^^Cf. 

<51> #7] tiV£*ll 71^- #ofl ^UttV^-o. s_ 5b d\] £Al^ Ufsl- ^ol, #7l i 

Bflol^l(20)Sl- #71 ^11^* #£*]] 7l^(21b) A>o]» #71 17] Si ( i 

^I27lsl(^ 2 )5. 2^§*M}. ^71^-1, #71 A]27]^\{li 2 )% #7l ^llTlsU^) 

^4 P^MS., #71 elSS ^(22)^1 #71 i^lol^l(20)^l tt, #71 51 

^(22)4 itflol^ (20)^1 ^ ^P-^ofl sl^fl ^ oicf. #71 01^(20)^1- 

#71 ^ll^Mr ^rH^l 7l^(21b) *M» #71 ^I27^5l(^ 2 )« #5L^ Si^^SLS. 

*] #71 *Hl^M: ^ «V£^1 7l^( £ 2 )^ *]}2-&5L% SHr*}. 

<52> ojofl 4el-, #7l ^l2-&£# ^ S# <*HH # 7 ] *H2^-g: 

°H , #7l ^12^-^ #7l X|l^Sl d^ 7 MS, ^7>^ SE^r 

W 7l# ^ofl £1*1] ^#*Kr ?H tif^^rf. ZLSlJl, #71 ^2^-g: ^2^ 

#s}-## g$it ^3^1 a>^^nl-. # 7 1 *)12^ #3^21 ofl^^ A1 2 0 3 , Ti0 2 , 

Hf0 2 , Zr0 2 , Y 2 0 3, Ta 2 0 5> SrTi0 3 , BaTi0 3 , BaSrTi0 3> PbZrTi0 3 S # *r 91^. =LZ] 

-31, ^ Hl^r 2°1#^ ^tHH ^-§-1" *t°-$, #7l ^2^ol T io 2 

HVnl-olji, # 7 ] ^ofl o}sfl ^ 
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*fl2wMq-2] aHlii #^^1 afl3>|^ ElBfu|-g-EflEB|-ol^SSi^l = (titanium tetra 
isopropoxide : TTIP : Ti(0C 3 H 7 ) 4 )# % ^ A <M 2fl2^44 ^fl2i^ afls 

>H*r 0 3 » t t 514. a^, #71 ^2^-^ol Ti0 2 ^-^lJl, #7] $m 7}^r ^o\] ^ 

^^^t #7l 2)12^4* %^}7] «]--§- 7>^ ^lS^i^ E^El-ul^-EflEB^o] 

= 0 3 ^ 7>:i# # ^ 514. 

<53> 44*1, -g- -a*H<Mfe *1U44 3? ^12^* 3L#«Hr 4^4* ^1H4 
^, xfl4H >M*Kr ^ ^ 5£4. ^1, ^7} A2 

el* 2:^^- , *ll344, *fl444 ^£ ^ ^ iflbfl^ °)X\Jfrg_ ^ 5H4. 

<54> ol<4 ^o], £ ^Al^oflA^ <g ^^ol 7 }^*> ^Eflol^sq- #7] ^Eflolxl^ 

&4. ^, A oM -MM*^ ^71 #JE*H 71 3ft Afo]^ 7^7]. 7 >4^4 -8-71 ^£*fl 71 
^ ^ ^71 iEflol^l^ %7\ *Y 5.2ft 71^- A>cl^ 71 el 71- #7l 

#51*fl 71^ ^ ^Hr4. 
<55> £ 6 £r ■& #^21 ^ ^AHlofl CCj-s. tiV£*fl ^ <3] ^eJ-§- ^ ^ % nfl ?>£.^ 7l 

3Hr ^2}-# 44M14. 

<56> J£ 6* ^-71 ^°\7\7\ £±r ^5L# 44^ -H, A o V 7l i 

Efloi^i^ <g ^o\\ ^ ^-7] ti> £ ^i 7 i^oi £r£S- 44\fi4. ^.elzi, ^7] 

^l«V^o. VI #71 ^H^S}- a o V 7 ] ti}^ 7]^ A ].ol<2l 714* 

^Ill7lels.^-E^ ^1271 el s S^Rr '~i L -?Jr 0 l -2. , VE^ ^2^4^ ^^*>fe ^-?J: 0 14. 
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<57> o}7H, a o v 7 | ^Eflo]^^ ^£(T n )l- 7fl^3 o.S -fr*l*Rr 3* *r 91 

JL, #7] 7\A ^"71 y_V5L^l 7l^o] £i=. ^^(T 12 ^E^El 

5.)^tHr <$A. °fl« A o v 7l 7\A?\ A^AAi l 34- A oM te^l 

*)]l£rJE(Ti 2 )» A2^(l 2 )<& <#7] #5Lxf\ 7]&-& 2^:51 (Ti 3 )» 

*r ^ 6 \), ^-*HH ^7) Al^n 31 ^12^-a: 5Hr 

^4 #7] ih-a-s)^ Al^-o] cHr^tHr ^ Xlcf. 

<58> o)-i- ^7]S., ^-7) 31 A2^±^r £±= ^^Sr JH^"^ JL^<5> 

<60> ^-71 >iEflol^^ E^^E ^cfl Tfl o}^. ^ ^^>7l ^A 7} ^ *1 *1 

^1^1^. °}°]*], ^7} ^t]}o)x}9^ ^7) tiV^^ll 7)& ^H* ^llTlalS. S^cf. ojufl, 

71 ^H^o] <g ^ofl o}*fl «V£^1 71^ *fll£r51-I- SHr*}. 

<6i> nelJi, ^71 ^ll^£# ^ 2,7d°\)^ ^7] til^^l 71 ^ 0 H1 *fil^r ^>S1- 

^ll^-^ 1 -* ^^^Cf. ^nfl, #71 ^ll^^r ^"71 ^ll^r£ollAi ^7>f^ ^# H 
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^ *W 7l# ^*fl =l^M, #?1 i^fe A1 2 0 3 , 

Ti0 2 , Hf0 2 , Zr0 2 , Y 2 0 3, Ta 2 0 5 , SrTi0 3 , BaTi0 3 , BaSrTi0 3 , PbZrTi0 3 ^8r # 91^. 

<62> OjStf ^O], # 7 J ^l«V^ tg}^ J*!, # 7 1 ^Eflol*]S>]- # 7 J W>£^ 7 ] fl- A>ol* 

^llTlelS^-E^ *ll 27135. S^W. olnfl, #7] ^T^^ 2^ #7l ^t])°)x\7\ JL^ 
€ #3H*I #7l e}SJ= ^ ^-#6)1 ^«fl 2:^8 5| 71 #71 JI^ #£fl 

<*IM #71 2iEflol^l2l ^ofl sl«fl ^^^71^-, #71 BlSS ^-4 #7l ^H^o] 

4^" ^^l 3*fl S^^nf. o}ofl 451-, #7l iEflol^]o] <g ^^-oil fil^fl # 7 ] al-c^l 
71^ ^12^£# 

<63> ZLSl Jl, #71 *fl2£-3E* ^ 2?HH # 7 1 ^l*^ #6fl *fl2^r #sj-#^g- 

^Hr ^12^-^ ^#^. °H, #71 *fl2^£r #7l ^2-grS^l^i 7 A^r 5Ett 5* 

n 7l# cq*fl tg#^cl-. nelJi, #7l *H2^ #^-#^1 ^3.*]^ A1 2 0 3> Ti0 2 , 

Hf0 2 , Zr0 2 , Y 2 0 3) Ta 2 0 5 , SrTi0 3 , BaTi0 3 , BaSrTi0 3 , PbZrTi0 3 ^ 1- ^ 5^. 
<64> 0I54. ^o] ; # 7 i ^U«v^- ^ ^] 2 hv^ i^>^ 4^-^ TflolM ^<g^s $# 

^f 1 sl«fl ^#^t}. Hth #7l Tflois ^<£*M- itfl ^li^jq- *||2^ 

£ ^#*>7l 3]*V ^^l ^JES ##^>7ll ^ ^Cf. afl^-o)!, #71 TflolE ;§<g 

&<Hl 3^ #*13 4* JL-i-2] ##5. 7lcfl^- ^ ^Cf. 
<65> ^llttVnT. ^|2^* Tl^E^ -fr^O.^ ofl ^ Cf 
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<66> #71 iEflojxjO) ^SE Q6\) ?\$\X\B\<5) £fe aV^l 7}&^r a]*)*] 

71 ^U^^si #71 Tiiois ^<gn|# ^#*>7i w ^U^^l^ s^^- 

<67> ZLBlJl, #71 *fll£r5L# £~ ^ 2:?i<HH #7l -fj-^^- 7^ #ofl 

#2j-## afll^-g: °H, #7l ^1«1-^ #7l ^ll^r£ol]A-l 

^7># Sj-flfr 7l# #*H1 ^^^Cf. ZLSlJl, #7l *U#4p #^-#o] ofl 

A1 2 0 3 , Ti0 2 , Hf0 2l Zr0 2 , Y 2 0 3 , Ta 2 0 5 , SrTi0 3 , BaTi0 3 , BaSrTi0 3 , PbZrTi0 3 

<68> Qo], #71 ^1 lMV^-^- ^#*b ^f, #7l iBflol^^ #71 *H l^ol ^ # ^ tiV 

5L31 7l^r ^17-1^^^-Ei ^1271515. oH, #71 A}2?\?\°\ # 

71 TflolE ^o^bJ-o. ^#^71 <^ »12715151 ^^l-t}. 
<69> ZL^Jl, #71 I2f£f £fe ^ #71 A|llM]-nV #of| #2}-## 

*H2^-3M- ^ °M, #7l #7l ^^Sl^H Qt.}^ SE^r Sj- 

^ 7l# ^sfl ^#*VtK ZLSlJl, #71 ^2^r #5|-#Sl <*\}sL*\^ A1 2 0 3) Ti0 2) 

Hf0 2) Zr0 2 , Y 2 0 3 , Ta 2 0 5 , SrTi0 3> BaTi0 3l BaSrTi0 3> PbZrTi0 3 # ^ 

<70> ol<q. ^;Ol f #71 ^ ^12^* 5E^}tt -^^M- 7l5flAlE^ -B-^^-O.^. 

^ & 4. °H, #71 -^<H %vi\ +no]x) #0^ ^Aisq^ 21 

* si«fl <8#^tK SE^:, #71 -ft-^-g- ^#^- nfl ^12^-^ 

71 $ltt 21-4^1 4l#*>7fl ^ 01 nfl^g-ofl, #71-8-^^ ^#^- nfl i 
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^-g- JL#^ ^ £ 7lcH^- ^ oicf. 
<71> ZLS^JI, #71 -fr^ #ofl ^sflAlEi^ #Jf ^^g. ^^^cf. o] ofl icj-e)-, ^ 

<72> ol§> ; ig*}^ a^ofl o^fl ^£]31, #7] *|| 1^6.3.^ A1 2 0 3 <*hM, *H2*M°. 

Ti0 2 ^ ^^1 ^*>^ ^^1^ #^^7lS. tb^. 

<73> T£7i, tiV^^l 7l^r# iBflo]^oj qgofl *1 *1 ^ ^ . ol^^, # 7 } ^ 

# #,*}-3. #7] ^]}o)^Q\. #71 ti>£^ 71^; A>o]l- ^IT^S S^tB}. °1 
^ ^°1, #71 afl 171 E|S. f-^-SAi #7l ^Bflol^l^ <g ^Tg-ofl o)^ #71 ti>rr^ 7 ] 

^-^r ^ 450 r^i f£t 

<74> ZL^ZL, #7l aV£*ll 71^:^ ^<L£. 0.12. o>H^. S^cx) # 7 J 

aVE^l s^Al^nf. tf.g-ofl, #71 ^JE^l 7l^ #ofl 0.2^ TMA 

* S^W. °H ^^h #71 TMA^ ^^7> #7l tili^l 71^ #<^ *3V^ 

cf. zieW, #71 TMA^l IJJf^ #el^o.5. ^^cf. , # 7 1 *V51*]1 7^ #0.3 

^ 12. ^9} o>5^ 7 >^# SL^a^ #71 #e)^ O.S. TMA* #71 yKE*ll 71^: 

<75> o]o]X\ } # 7 1 *>r:^ 7 ]^ o- qt 0.5^ ^0]- ^^gAl^l ^1, #71 «Vj£^] 

7m #0.3. 22 ^-<?V 0 3 «- S^Al^lrf. ofl ofe}, #7l 0 3 ^ ^^-7> #7l «>£^ 
7l# #ofl 5J-4V21 ^.eiM-, #7l 0 3 ^ l-^-^cf. ^s)- 

A i, #7l OV£3l 7l^ #O.S. «f 2^ -§-<?> 7>^# JE^A^ #7l #E)^O.S *L 
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Q3» A o V 7l «l£^l 7l^;O.S^-Ei ^TH^l}. ZLZ\JL, #7} 7l#<2] 
0.5^ -g-^ ^ ^^^1^1^. 

<?6> ojofl tc)-^, ^i-7l yisL^l 7}# -SHIfe €^ Ai 2 o 3 3§^4. 

-n, #7) ^7>^ «vnv aV^o.^ o]^ t aj. 7 | uJ-sl^ 59 ^ 

<77> olSf 7^o] t A1 2 0 3 ^, ^"71 ^I£J1. ^ ^-g-A|^ #71 ^tflo] 

OVS^I 71^- A>olm ^17lS]^Ei ^127] B]S S^W. °H *Hih #7] 
5. S^^^-SAi #71 ^M^S] <g ^^-ofl <^*fl sfr 7 ] ti>i^l 7l^ <*}= 350 °C 

fecf. ^7lAi, Aj-7] ^}l^E]S.^-B\ ?]}27lZ)S.2] 2^£r ^ <>1MH o]^o]Q 

A. 

<78> H^Jl, #7] A1 2 0 3 ^-=r 7l^^ ^SL3- ^ 0.1^ ^ ^>S.^- 7 \ 

^» 5=<83H ^7} 7}&2) ^H^ll}. Aj-7] A1 2 0 3 ^* 

^£^1 7l^ ^ 2 ^ TTIP1- £^*V4. ^1^1 4^, TTIP^l °^7} #7} 

^£^1 71^; ^3}-^tq-. zieiq-, ^>7l TTIP^l <£¥-±r 

4. A oM 71^; Sj= 2^ 0>H^- 7>^# ^7] 

SLS. TTIP# Aj-7] aV^^j 7l^.O. S «.Ei ^TH^tf. 

<79> Ojo^, Aj- 7 j ti> £ ^ 0 5 ^ ^.oj ^ J=l ( Aj. 7 l HVc^l 

7^ 23, ^-9} O3-& S^A^Jtf. olofl nJ-B^ tf 7 ] 0 3 ^ ^^-7> #71 

71^: ^Hl sj-tv^j o_^. ^^-^4. n^uj-, ^7} 0 3 ^ §£1^1^ A^r 

^"71 7l^ #O.S ^ 2^ C5>5.$ 7^1- £^A]^ ^1-71 ^ 

^€ 0 
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3* #7l *K£*I1 7} ^T^Al^lCf. HSjjI, #7l aV£^l 71^ ^0.5 

<80> o}6\] u\.^ t HV£^ ^cHItt ^cHH^ Ti0 2 W°l 

, #7l ^ 1>^-^-2-S. ^I^t}. °H, #7l oj= 5 22l 3 

<8i> rcj-eH, # 7 1 *V£*11 71^: #°fl ^ A1 2 0 3 Ti0 2 3.^"*Kr ^rtKH ^ 

<^7}A-1, Aj- 7l Al2 0 3 HVnV^. tg^^j. Ti02 aVnV^- tb 

^ °1^<H1 ^A^ ^ ojcf. o]^ ( #7] ^Eflolxlsq- ^7} *Y5L*l} 7}& A>o]^ 7^ ^ s 

ofl #71 ^Eflol^m ^ ^f, #^]Sl ^-g- jL^ol ^^-g. - olirf. <£*V, #71 
^-nj.^. *g^*>^ ^.ojofl ^-71 ti> £ ^ 7]^ ol^ol olHoj^^l 0^7) nfl^o)] ol^ofl o) 

[t^^l JL21-] 

<82> ^. ^tgofl o}^, <g ^ol 7}^ ^tflol^sq- Aj.7] ^Eflol^oll ^o^^l^ 71^321- 

^ TlHl ^-SH ^rS^l ^^Cf. oHl ttf&K Aj-71 ^SLS] 

3f^Kr3l A^ ^ S^i* -fi-^fe ^^H: ^tH MHH <y 

<r 5$h*. °H1 #71 ^ofl £^5^ Al^ cH^Alzj ^ 

to, #^1^1 £-g- a-ir-g- ^=#a1^ ^ 01 cf. 5Eth ShSE^l 71^ ol^ol ^s|7l nfl 

^l #7l Ol^O. S 0]*V *2V^. - Olcf. 
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<83> -& «K£*ll ^ A]^^ ^-X\c]} 

<84> #7MH^ g-tgS] H>^*V ^Hl* -a^^^m. *fl^ 7l# 

^ ^*H=- ^>7l^ rg<ft<% 7l7fl ^ £ £ 0_^^Ei 
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[^T 1 * 1] 

a) 7}&o.3. 1 7HfS>JL, a o > 7 1 7l ^-o} nfl 4V7I *l*l§Rr E] 

si ^-§- 3L^-*>^ iEflo]^]s. p>^^>^ £-711; 

c) #7l ^Z])o}7]°) 1 ^^ofl Sl«fl #7l 71^0] afll^IE* i^ol^ 

sj- #7l 71^- Afoif X) 171 els. 2^*Kr #31; 

d) #7l afll^rJE* ^ #7l 7]^. ^Vofl *lU^# ^*Rr 

e) #7l ^Bflol^o^ <g ^^-6)1 S}«fl # 7 1 7l^ol ^2^rH« #7l i3l°l*l 

Q #7l 7}& a>o]§ a o v 71 ^iTlels-^Ei ^1271 els 3^*Hr c}7fl; ^ 

f) #7l ^]2f£f ^ ^ 2:£1<*)H # 7 ] afll^J- #°fl ^12^-^ *8#^ 

Tim if*fe *3£^i #*isi ^# « 0 v^. 

[^T 1 * 2] 

^1%H1 #7l ^11 171 el iE^b #71 *fl27l el #7] i3M*l7} #Efl 

°1H #7l elss ^-g-ofl s^sl^ 3# s-^^-S ^ «V£*!l #*1^ ^-tM^ 
<8# 

[3^* 3] 

^U%H1 &°H, #7l *j| 17] el SB^ #7l ^1271 el #7l elss ago] jl^s} #3) 

ofl^ #71 iEflol^]^ ^ofl o^fl S^Sl^ 3J.g- 4^)o S ^ aj-i^l #*13 
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[$^* 4] 

SU^I, -*7l ^Ill7le| Sfe ^271 S]^ ^-7] ^ ^ E ^jt). ^V 7 ] ^ Bfl oi 

^ ^ofl 2]*fl S^Sl^ ^-i: f^JiLS *Rr 4^ tg^ y^. 
5] 

aV^l 4*.^]- ^ 

6] 

^15%H1 sa<H-H . A c v 7l ^ <i^-l-€r A1 2 0 3 , Ti0 2 , Hf0 2 , ZrO 2 , Y 2 0 3 /Ta 2 0 5 , 

SrTi0 3> BaTi0 3 , BaSrTi0 3 , PbZrTi0 3 S. ZL-|- o_S.Jf ^5)^ ?A 

# ^jls #51*11 ^ 

7] 

«K£*fl ^ H o^. 

8] 

*fl7^<*fl #7l ^12^^ A1 2 0 3> Ti0 2 , Hf0 2 , Zr0 2> Y 2 0 3 , Ta 2 0 5 , SrTi0 3 , 

BaTi0 3 , BaSrTi0 3) PbZrTi0 3 S. nf £s^-Ei ^-§r ^ 

yv^^l #*]£l ^ aj-^. 
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9] 

*fll*cH 5a°H, ^"71 ^fll^Kgr #7] *lU£r5L<HH ^*}^ SE^r 7l# ^ 

^^*>J1, A o V 7] ^2^^ # 7 j ^^o^ si^- $m 7 ]# 

^3"* ^*Rr ^8 £.3. ^ #51*11 #*1^ tg# ^ 
10] 

4* #7l ^Efloi^sq. # 7 J 7m 4°lt m^S. 2^*Hr ^Tjl; £ 

h) #71 ^3^r£# ^ ^ S^HH A}2^ ^oHl ^13^-^ ^*Rr £ 

3l» ^ 31 ^Hr ^ 1s}±r ^Sl^} Ja-^-Bj- wj-^ 

111 

^10^1 91°]*), ^7} g) ^ h)» aHSi 13? «>4 ^*3*Rr ^r^l» 3 5£t§>^ 
3# S-^^-S. tih£*ll #*l<3l « C V^. 

[3^8" 12] 

#51^ 71 # #ofl #^g- <g^sKr 

1 ^^l 7>^*>ZL, #7l «VE31 7)^ ^1^1^ Sl^S ^Eflo]xll- 
^"71 elSS ^ofl # 7 J tij-c^ 71^ ^1^1^71^ ^1; 
. #71 ^Eflol^o] eg ^^1 o^fl # 7 ] o> £ ^ 7l ^.ol #51^- #71 ^1 

Ol^sq- # 7 J a]-^^ 7]^. A>ol^- ^1 171 S| S. S^*>^ ^Tjl; 

^-71 ^li^£# ^ s^HH ^-71 #ofl ^ii^^ *V3H&* £fe 
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A o v 7l ^2^-£» ^ ^-71 ^1«^ ^ofl *fl2^r ^>£|-#* ^12 

oVn^ $^O.S.Al ^7} ^ ^ A cH] #7} ^ ^12MV^ ^^>^ 

13] 

14] 

^12%H1 5U<H>H, ^"71 *)U^£r ^7l ^l^E^H *\%. g& fe ^ 

^n^r -g-^H ^^*>^L, ^7} m^A^r ^7} A\2^5L°\]SA %7\%- ^ 5}-*V 7}^ 

15] 

^112%H1 SH^i, ^7) *fll^ ^Vsl-l-^: A1 2 0 3 , Ti0 2 , Hf0 2 , Zr0 2 , Y 2 0 3 , Ta 2 0 5 , 

SrTi0 3 , BaTi0 3 , BaSrTi0 3> PbZrTi0 3 3. ^5]^ zl#o.S.^-e^| ^s]^ Jl, 

^7} A}2^ ^HW^- A1 2 0 3 , Ti0 2> Hf0 2l Zr0 2 , Y 2 0 3 , Ta 2 0 5 , SrTi0 3 , BaTi0 3 , BaSrTi0 3 
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, PbZrTi0 3 5. ^Slfe ^£*H 

16] 

<! ^o] 7>^*>J7, «V£Xl *l*l*Hr 3 SS Jfl* iB)H*l« p|-^^> 

^ ^71 e|SJ= ^ofl ^71 #5=*« 71^ *l*H7l^ 

#7l iEflol^o) <g ^^-ofl <^ # 7 ] ^SXl 7l^ol ^1^£# # 7 ] ^ 

#7] 71^ A>o]^ ^lT^S. S^*Rr 

#71 ^l-8r£# 5^ ^ STdofl^ #7} a> £ ^ 7]^ tfofl XU^ #3*#* ^ 

^i«v^o. ^^Kr #X1; 

#7] iBflo]^^ «g ^6\] ^7l «V£X1 7l^-o] *J| 2 £:H* #5l^ <#7) iEfl 

#71 *]-JEXl 7]^ A>o]^- a o V 7 ] ^ITielsLJfE-l ^1271 BlS S^Rr #7)1 ; ^ 
#71 Xl2£r3E«- £~ #7] X|l^ #<*fl XI 2^ #2)-#^ 5Hr Xl2 

«VnKg- c3-7^1# JL^Rr *KEXl #*1 ^ XI °1 S. ^<3^ y o V ^ . 

17] 

Xll6%Hl &<>H, #7l XI 17] e) #71 XI 27i el ^ #7l 0)^)7} 3L%& #Efl 

*IM #71 elSS ^o} ^ofl <£)*fl 2:^S|7ll4, #71 SlSJ= ^O] Jl^^ #E|HH # 
7l ^Bflol^o^ ^ofl o^fi 2:^£l7ii4, 5£^ #7l e]SI #7l ^ 

^*fl S^^r ^-^^.S. 5fe tiVSXl #*1^ XI <XJ= ^<3^ *§# U^. 
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18] 

*H16^M 91°]*], ^7] Al^^r s&7\ Al^^}*] ^% W 7)^ 

^\°\ ^^^31, ^7) ^7} *\}2^S.°\)*\ ^*}# 3# SE^- ^ 7}^- 

**>^ ^*Rr 3* ^8°-3. *}*r &5LA ^ojE ^ 

[3^8" 19] 

^16%H1 Si^H, ^-71 A1 2 0 3 , Ti0 2) Hf0 2 , Zr0 2 , Y 2 0 3) Ta 2 0 5l 

SrTi0 3 , BaTi0 3 , BaSrTi0 3 , PbZrTi0 3 S ^5]^ ZLf-o.S-^-E^ ^slxr <^ *KH:n. ( 
^"71 *fl2^ A1 2 0 3( Ti0 2) Hf0 2) Zr0 2l Y 2 0 3 , Ta 2 0 5 , SrTi0 3> BaTi0 3 , BaSrTi0 3 j 

, PbZrTi0 3 S. ^5]^ ZLf-.°5.^-e] o]± ^^SLS. «V£*ti 

H o^. 
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^iZHsec) 
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[5L 6] 



T11 
T12 



T13- 



^lZJ-(sec) 
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